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METHANE PRODUCTION FROM LIVESTOCK
WASTES BY ANAEROBIC DIGESTION
Panos Kokoropoulos and Harlan H. Bengtson
Department of Engineering and Technology
Southern Illinois University at Edwardsville
Edwardsville, Illinois

Abstract
Increasing interest is being shown in anaerobic digestion as a process for
both waste treatment and energy production. In this paper an experimental
procedure for investigation of anaerobic digestion of livestock wastes is
described, and data from experimental work is presented and analyzed. A
model of anaerobic digestion is developed which includes conversion of
soluble COD to volatile suspended solids by growth of microorganisms and
solubilization of volatile suspended solids to soluble COD by enzymes.
This model is used for the analysis of the experimental data.
1.

INTRODUCTION

Two complimentary changes appearing in re
cent years have caused an increasing interest
in anaerobic digestion of livestock wastes.
One of the changes is increasing size of
livestock production operations, creating a
need for alternate types of waste handling
schemes.(1) A farmer who feeds a relatively
small number of cattle, for example, can
readily dispose of the manure produced.
The
manure is actually an asset to be used as
fertilizer on the land he uses to produce
feed for the cattle. With the change to
larger scale, confined livestock production
facilities, the livestock feeder usually buys
most of the feed rather than raising it him
self, and there is typically insufficient
land available nearby for disposal of the
livestock waste. This has created a need for
alternate, environmentally sound means for
livestock waste disposal.

and supernatant liquid both have potential
as sources of high protein livestock feed. (2)
Anaerobic digestion has been used for many
years as a sludge stabilization process in
municipal wastewater treatment. More recent
ly it has come into use as a wastewater
treatment process for strong organic indus
trial wastes.
In either case methane gas
production as an energy source has been
only of secondary concern. (3) (4)
In order to optimize anaerobic digestion as
a combination energy producing and waste
treatment process, better understanding of
the kinetics of the process is required.
The purpose of the experimental work de
scribed here is investigation of the kine
tics of the anaerobic digestion process
with concern for both gas production and
waste treatment aspects.
2.

The second change, which has been occuring at
the same time, is increasing interest in
development of renewable energy sources, be
cause of increasing concern about depletion
of nonrenewable energy resources.

EXPERIMENTAL

2.1 APPARATUS
The primary requirements for a digester in
which anaerobic digestion is to be carried
out are (1) an air tight enclosure, so air
can be kept out and the methane gas pro
duced can be kept in and collected, (2) a
means of maintaining the temperature of the
digester constantat a level in the range
35-40°C, (3) a means of keeping the digest
er contents well-mixed, (4) a means of ad
ding feed material and withdrawing effluent
from the digester, and (5) a means of col

These two factors together make anaerobic
digestion of livestock wastes a much more
viable process than it has been in the past.
It provides a means of converting livestock
wastes into useful products, one of which is
methane containing gas, which can be used as
a fuel. The waste cannot be converted
completely to gas, but the by-product sludge
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lecting and storing the gas produced by
the anaerobic decomposition.
Two different types of experimental digest
ers have been designed and used in this work.
The first part of the work was done using a
13 gallon plastic tank with removable covers
as the digester. More extensive experiments
have been carried out using 4 4-liter glass
jars. Schematic diagrams of the two digest
er systems are given in Figure 1. In the
13 gallon plastic digester the temperature
was kept constant by keeping the tank im
mersed in a controlled temperature water
bath. Mixing of the digester contents was
achieved by pumped recirculation of the
liquid.
This method was chosen after at
tempting to use a mechanical mixer through
a sealed bearing fixed into the cover.
There were problems in maintaining an air
tight seal with the bearing, so that method
was discontinued.
The setup with the 4 liter glass digester
was very similar with the exception of the
means of temperature control.
Instead of
being immersed in a water bath, the 4 liter
jar was simply insulated with styrofoam.
This was done in order to investigate the
feasibility of using the heat of reaction
for the biological reactions and the heat
due to mixing to maintain the temperature
of the digester. Two methods of mixing
have been used with the 4 liter digester,
a magnetic stirrer and pumped liquid re
circulation.

2.2 FEED MATERIALS AND FEEDING PROCESS
Three different feed materials have been
used, waste activated sludge from the
SIU-E wastewater treatment plant, horse
manure slurry and beef cattle manure slurry.
All were found to be suitable for produc
tion of burnable methane gas. A fourth raw
material was tried. Waste from a pulp and
paper industry but it was found to be
completely inadequate. Either by itself or
in mixture with manure slurry, it hindered
the anaerobic process.
Feed addition and effluent withdrawal were
accomplished through tubes sealed into the
cover as illustrated in the schematic
diagram. The gas was collected and stored
by downward displacement of a liquid con
sisting of saturated sodium chloride in 5%
sulfuric acid with methyl orange dye added
for visibility. The method of gas collec
tion is illustrated in the schematic dia
gram of the digester. The pressure of the
gas can be adjusted by moving the leveling
bottle up or down. When the liquid levels
in the collector tube and leveling bottle
are the same, the pressure in the col
lector tube is atmospheric.
2.3 RESULTS
Two major types of experiments have been
performed to investigate the kinetics of
methane production. One type was semi-batch
experiments in which the digester was fed
the same amount of feed material each day
for several days with monitoring of the gas
production and the COD and solids content
in the digester, Table 1. The other type
was a long term batch experiment in which
the digester was not fed for an extended
period after steady state had been at
tained by daily feedings for several days,
Figure 2.
Table 1.

Semi-Batch Digestion Data
Digester #4

DATE
8/8/78
8/9/78
8/10/78
8/11/78
8/12/78
8/13/78
8/14/78
8/15/78
8/16/78

Figure 1.

8/8/78
8/9/78
8/10/78
8/11/78
8/12/78
8/13/78
8/14/78
8/15/78
8/16/78

Digester Schematic Diagram*
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COD
mg/1

VSS
mg/1

1769
1806
1990
2359

490
430
460
280

—

—

2433
365
2654
310
2875
490
2706
480
Digester #5
1720
675
1726
695
2093
560
2064
345
—

—

2212
2359
2396
2746

475
465
450
440

GAS
PRODUCED
ft3
0.00409
0.00318
0.00343
0.00359
0.00386
0.00398
0.00432
0.00511
0.00511
0.00418
0.00365
0.00372
0.00458
0.00574
0.00583
0.00531
0.00626
0.00687

Note: Both digesters were 4 liters in
volume with a daily feed of 100 ml of beef
cattle manure slurry containing 20,000 mg/1
COD and 12,000 mg/1 V.S.S.

C0Do and VSSQ = Amount of COD and VSS
respectively in the reactor at time, zero,
(just after feeding)
CODt and VSSt = Amount of COD and VSS

Continuous operation of two insulated
4-liter digesters has been maintained with
out any external heat source for four months
The temperature was kept in the proper range
and within an acceptable level of variation
by the heats of reaction.
Further investi
gation of the heat effects is planned.

respectively in the reactor after an inter
val of time, t, has passed without feeding.
GAS = Volume of gas produced from soluble
COD during the interval of time, t.
VSSgen = Amount of VSS generated from solu
ble COD during the interval of time, t, by
growth of microorganisms.
VSSsQl = Amount of VSS solubilized to form
soluble COD during the time interval, t.
WASTE = Amount of VSS converted to residual
sludge during the time interval, t.

COD
Figure 3. Schematic of Anaerobic Decomposi
tion of Livestock Wastes
This model shows the complexity of the inter
action between soluble COD and VSS in a di
gester.
Conversion of COD to VSS and VSS to
soluble COD takes place together with pro
duction of gas from soluble COD and genera
tion of residual sludge.

Time, hours
Figure 2. Cumulative Gas Production,
Digester Volume = 10 gallons
3.
3.1

ANALYSIS OF RESULTS

THEORETICAL CONSIDERATIONS
The interconversions of COD to VSS and VSS
to COD cannot be measured directly because
they are taking place simultaneourly, but
they can be calculated from readily obtain
able data as illustrated by the following
analysis.

The process of anaerobic digestion of live
stock wastes can be described as follows:
Insoluble Organics

I

1 Enzymes
On the basis of the above schematic the fol
lowing material balance equations can be
written

Soluble Organics
|Microorganisms

1)

Volatile Acids
^Methane Bacteria

(1 )

2)

Methane, Carbon Dioxide, Cells

In this report soluble biodegradable or
ganic matter is described in terms of
Chemical Oxygen Demand (COD) and biode
gradable insoluble organic matter in terms
Of volatile suspended solds

VSS Balance
VSSQ + VSSgen = VSSt + VSSsol + WASTE

COD Balance
C0Do + 1.42 VSSsol = CODt + 8 0 . 8 CH4
produced + 1 . 4 2 VS6g e n (2) were 1.42 is
the COD equivalent of VSS , g/g and
8U.8 is a conversion factor g COD/cu.
ft. of CH^ combining equations (1) and
(2) rearranging we obtain

(VSS).

Schematically the process can be described
as shown in Figure 3 where:
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For the short duration (t = 2 4 - 48 hours)
the value of tf = 0.264 day- . On this
basis, and for tj_ - t = 1 day, the COD
consumed can be computed as follows:

WASTE = AlgQgj + a (VSS)
1.42
80.8 CH^ produced
1.42

COD

COD + 1.42 VSS , - COD.
o
sol
1
consumed
and In (CODr + 1 . 4 2 VSS ,) - In COD. =
sol
1
v (tx
to)

where A (COD) = CODQ - CODt
and
3.2

A(VSS) = VSS

- VSS

o

t

APPLICATION TO EXPERIMENTAL DATA

Table 3.

Table 2
A (COD) ,g A (VSS),g CH4produced WASTE,g

Date

cu. ft .x 10^
8/8-9
8/9-10
8/10-11
8/11-13
8/13-14
8/14-15
8/15-16

2.15
0.71
2.26
1.42
1.41
1.82
0.57

1.17
1.16
2.12
0.626
1.17
1.19
1.17

2.92
3.34
3.13
9.26
4.25
5.01
5.50

Calculated values of COD

(tx - tQ )days

8/8-9
8/9-10
8/io-n
8/11-13
8/13-14
8/14-15
8/15-16

2.516
1.468
3.534
1.098
1.920
2.182
1.258

consumed

CODconsumed, g

1.0
1.125
0.854
2.0
1.0
1.0
1.0

2.086
2.897
2.083
6.151
2.857
2.895
3.312

CH4 = 0.0124 (CODconsumed -1.42 VSSgen)
d(CH4)
dt

= d(COD) = k (COD)
(CH4)ul
0

such
Table 4.
VSS ,
sol
Date

The following relationship can be written

(CH4)U lt " (CH4)t =

8/8-9
8/9-10
8/10-11
8/11-13
8/13-14
8/14-15
8/15-16

{ C0Dt “

1.42 [(VSSgen)ult - (VSSgen) t ] j

(5]

and.

(f>)

for t

120 hours,

p

and
9en

VSS gen' g
1.259
1.779
1.245
3.672
1.712
1.678
1.942

4.

A plot of (CH4)
- (CH,)t vs t on semi
log paper (Figure 6) indicates first order
reaction from which Q is calculated. From
Figure 5 and Figure 6 two values of j) ca
be computed as follows
100 hours

Calculated Values of VSS
VSS sol' g
-0.045
1.519
0.835
3.328
1.022
0.758
1.932

A plot of VSSgen vs. CODconsumed (Figure 6)
yields a straight line with slope 0.595 and
intercept = 0, showing approximately 60% of
the COD consumed being converted into cells.

d 0 CH4)ult " ^CH4 )t 1
d COD
a
------------------ —
J = _____ t = p COD
'll
dt

for t

(9)

The VSSsoi can then be calculated from the
solids balance (equation (1)). Results for
VSSgen and VSSsolare summarized in Table 4.

( A \

dt

Now introducing the quantity
that CH4
<CH4>ult as C0D

8)

Calculation of VSSgen can then proceed from
the following equation.

A plot of gas produced vs. time on semi-loq
paper indicates a first order process
(Figure 5.)
Then

(

The unknown VSSsol can be eliminated between
equations (7) and (8) allowing calculation
of COD_onsume<j. The results are presented
in Table 3.

From the experimental data the WASTE pro
duced can be calculated.
The results are
summarized in Table 2 and Figure 4.

DATE

(7)

CONCLUSIONS

The experimental data has been found to fit
the theoretical model of anaerobic digestion
presented. The model includes conversion
of COD to VSS by growth of microorganisms
and conversion of VSS to COD by solubili
zation of suspended organic matter in the
feed. These conversions are masked by each
other and are not obvious from direct
measurements of COD and VSS because both
conversions are taking place at the same
time. The data analysis used in this

= 0.264 d-1

U = 0.294 day-1
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paper illustrates a procedure for estimating
the extent of these intermediate conversions
to give a more complete picture of the
complex anaerobic digestion process.
Work is proceeding to make use of this type
of data analysis for calculation of ad
ditional kinetic constants and to investi
gate optimizing gas production through the
use of reactions in series.
5.
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Figure 5.
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Daily Gas Volume vs. Time

Time, hours
Figure 6. Gas to be produced vs. time

Figure 7.
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